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PREFACE

In the conventional methods of sewage purification,
oxygen which is essential for oxidation of the putrid and
decomposing organic matter is ordinarily obtained by mecha-
nical means which involve huge cépital, foreign equipment
and considerable recurring costs for their maintenance and
technical know-how. Most of the municipalitiés,and even
municipal corporations in India are finding difficultses to
provide money for these facilities, the cost of the final
disposal works being the main deciding factor as to whether

or not a city can undertake a sewerage systen.

In recent years, however, a cheap, simple and
natural process of sewage purification in 1ag60ns or ponds
has been evolved in western countries utilising solar energy
for synthesising fresh algal cells which split water molecules
as a part of their photosynthetic activity to produce the
oxygen required. Algae which develop are those which are
indigenous to the region and adapted to conditions imposed
by the process in the locality. Thus, natural light energy
is used to produce oxygen whose availability is independent
of the physical laws normally goveming oxygenation from
atmospheric sources. Thus two basic types of reactions taking
place together are oxygenation by algal photosynthesis and

bacterial oxidation of the decomposing organic matter.



Single cell oxidation ponds have afforded such a
degree of treatment in western countries that it is
‘comparable to that attained with very efficient but costly
conventional secondary aerobic treatment systems. The
aerobic oxidation ponds are also stated to remove more than
90% of the Coliform flora and pathogenic bacteria of the

Salmonella~-Shigella group.

The possibilities of purification of Indian sewage
by algal photosynthesis have not been adequately investi-
gated although sufficient light energy is normally available
anywhere in India. This method of sewage purification appears
to be attractive, espe@ially where finance is limited and
the adoption of some form of treatment is most urgent as
in Ahmedabad, where about 57 ﬁgd. of sewage have to be
treated. An attembt was, therefore, made to develop design
criteria and criteria for operation of oxidation ponds
trapping the energy of the sun at Ahmedabad through photo-
synthesis as the principal synthetic force for purifying
the sewage of Ahmedabad. The ecology and seaéonal succession
of algae developing in the oxidation ponds investigated at
Ahmedabad were zlso studied by the author during 1962 to
19633 and the results of the same ferm the subject matter

of the second main paper.

The research studies made for the second paper are

sub-~divided into two sub-section C & D. Section C deals with
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the "™ ECOLOGY AND SZASONAL SUCCESSION OF ALGAE IN THE SINGLE
CRLL ( Pilot Plant ) OXIDATION POND AT AHMEDABAD"and Section
D treats with the " ECOLOGY AND SEASONAL SUCCESSION OF ALGAE
IN THE SEVEN CELL OXIDATION POND AT AHMEDABAD". In Section
1! the author has studied the physical, chemical, bacterio-
logical and biological conditions in the single cells pond
of 3 acres in area and holding about 4 million gallons of
sewage and has traced the inter-relationships between the
algae developing during different seasons on the ondhand and
the ecological conditions on the other. In Section 'D' the
ecological and seasonal succession of algae in a series of
seven ponds have been studied for one year (1963) and a
comparative study of the results obtained in a single unit
as aéainst a series of seven ponds with an area of about

24 acres and holding nearly 32 million gallons of sewage

is made.

Two additional papers in support of the main paper

have also been included. They are : (i) " Hydraulic loading

and stablizetion of sewage by photosynthetic oxygenation ™

and (ii) " Bacterial Photosynthesis an the oxidation Ponds

of Anmedabad". The former deals with the degree of purifi-

cation effected for various hydraulic loadings, algal
production, depth, detention time, visible radiation ete.,
and from these data rational critéria as design parameters

have been determined for the single cell unit. In the second

paper the author has dealt with the development of g pink



colour in the two types of oxidation ponds. The pink colour
has béeq traced to the presence of a member of the Thiorho-
daceae group of organisms — a purple coloured sulphur
bacterium in the pond. The conditions under which this
organism develops in the ponds, its physiology and its role
in the purification of sewage and its association with

certain algal forms are discussed.

3¢ e s sl e ofe koot skl e sk
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I. INTRODUCTTION

In the Report on Seminar (1955) held at Xandy in
Ceylon on Sewage Disposal (Rural & Urban) by the W.H.0. for
South-East Asia, it ié stated that although sewage lagoons
have been used in several western countries as a satisfactory
techniéue for treating sewage, as yet, it has not been
deliberately applied in any country of Asian origin. Since
then, it is gratifying to record that attempts have been
made at Nagpur (Modak 1960), (Others 19581) to purify sewage
by the oxidation pond method from which it was concluded
that a léading of 500 1lbs per acre per day could be easily
applied to get a reduction of 724 in B.0.D. with a retention
period of two days. Lakshminarayana et al (1953) continuing
the above experiments at Nagpur studided the relation
between detention time and B.0.D. reﬁoval, and stated that
with an average loading ranging from 320 to 800 lbs. per
acre per day a higher degree of purification was possible at
five feet operational depth with 4 days, 2 days and 1.5 days

detention periods. Parhad and Rao (1963) have stated that

PrF

mechanical geration has little effect on bacterial reduction
which amounted to 81 to 98.6%3; that variocus groups of
bacteria were responsible for stabilization, some of which
were perhaps more active than coliforms and entero-coceciy

and that intestinal pathogens belonging to Salmonella and b{

Shigella groups seemed to be eliminated. Jagéhnatha Rao



= .a.nm..m a3ensg ®UBITd

| 00

83 Ut spuod uUOT3ZEPIX0 JO mmﬁwmumﬁm

» eTdy3Tnu oy3 pus puod UWOTJEPTX ks
~30TFd JeTaaed oSemes oy} Supmous

e e —————

] AvEVA WY LV 'WNvd  jovassE
YNVHId 3HL N anog NOLYOIX® samzs (II35T785
e——
Idiaw a4 ¥ Onod nOlivaGixg NG I8
—

SUIMUYD Fovmis awi =

L ONIMBHE Rvig
.
i




7R3

and Sharma (19383) treated the domestic sewage of Bhopal by
this proéess and obtained a B.0.D. reduction varying from
35 to 50#% only, but a coli count reduction of about 997%.
Basu (1963) obtained a 5-day B.0.D. reduction of 78% in a

7 acre pond having a depth of 3 to 3.5' with an influent
S5-day B.0.D. at 20° C. of about 230 ppm. Murty et al (1963)
carried out pilot-plant experiments with the sewage of
Hyderabad and obtained a B.0.D. reduction of nearly 703%.
Khanade (1983) who estimated the quantity of amino-acids

in the oxidation ponds of Ahmedsbad found that the

domestic sewage contained more than the mixed sewage
(contalning domestic sewage to textile wastes in the
proportion of 3 : 1); and that there was a significant
reduction in both forms of amino-acids in the effluents
from oxidation ponds. Ganapati et al (1965) have studied
the ecology of solar sewage drying beds in the Pirana sewage
farm at Ahmedabad and have concluded that the solar drying
beds resembled the type II oxidation pond of Oswald and
Gotaas (1967) in their smaller size with a detention period
of one week where stabilizétion of sewage was brought about
essentially by photo-physiological action of certain species

of blue-green planktonic algase in conjunction with bacteria.

None of these Indian workers had attempted to furnish
the ecology and seasonal succession of algae extending over

several years. Even in the West much information has been



furnished only for criteria on rational designing. For
example, Oswald and Gotaas (1957) and Gotaas and Oswald
(1955) have developed design criteria for oxidation ponds
taking into account both the controllable and non-contro-
llable factors in the operation of stabilization ponds.
Duttweiler (1963) has proposed "™ a simplified mathematical
model based on an assamed upper layer of complete mixing
where temperature 1s isotropic_and a lower layer where
heating is by vertical eddy conduction alone. The model
required testing and verification. Suwannakaran and
Gloyna (1963) have evaluated under laboratory conditions
the effects of temperature and organic loading on the
performance of waste stabilization ponds with a view to
establish better design criteria. They found that within
limits the B.0.D. removal increased with the increase of
temperature; changes in biological activity due to tempera-
turep fluctuations influenced the pH, MPN of coliforms,
suspended solids, light transmission, predominant algal
species, and the required pond volume and that excessively
long detention periods did not result in better B.0.D.
reductions. They claimed that it was possible to formulate
a design equation taking into account both temperature and
pond loading. Van R. Marais (1962) has presented a rational
theory for the design of sewage stabilization pond in
tropical and sub-tropical areas of Africa based on the co+-
relations of the kinetics of B.0.D. and faecal bacteria

reductions in a series system of stabilization ponds.
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One'bf thg most complete studies on oxidation ponds
was carried out by the-ﬁSPgslat‘Fayetﬁe, Mo., by Neel et al
(]961).~”Five identically sized oxidation ponds were loaded_
at 5;day B.0.D. loading rates of 20, 40, éO, 80 and 100 1bs/
aere/day. These data showed that oxidation ponds were very

effieient at B.0.D., phosphate and nitrogen reduction.

Parker (1982) has furnished data on eight oxidation
ponds, working'in series for a six week summer and winter
periods. The first 2 ponds were anaerobic and the last six
were aerobic. The BOD reduction was excellent throughout the
ponds. Nitrogen removal was insignificant through the first
5 ponds but showed a definlte reduction by the 8th pond. In
winter also, they showed a sa;isfactory BOD reduction and

confirmed poor nitrogen removals.

Bogan et al (1960) made a study on the removal of P
by algae in an effort to remove this key nutrient from
sewage effluents, It was found that P was removed primarily

by chemical precipitation rather than biological metabolism,

Bash et al (1961) studied the use of algae as a
tertiar&.treatment device for removing minerals from an
activated sludge effluent. Natural gas was burned to furnish
a continuous source of C0p for algal growth and to maintain
a pH between 7.0 and 8.5. There was a maximum removal of 38
38% Ca, 44% Mg, 907 removal ef'HCO3 »41% of sulphate, 76% of
phosphates and 100% N. The algaé grew on the sides of the
treatment unit.
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There are only a few references:ﬁyers (1948), Silva
and Papenfuss (1953), Allen (1955), Neel and Hopkins (1256)
and Merz ot al (1957), which deal mainly with the quantitative
and quali;ative growth studies of algae in sewage oxldation
poﬁ%. An attempt was therefore; made to develop design
criteria and criteria for operation of oxidation ponds
trapping the energy of the sun at Ahmedabad through photo-
synthesis as the principal synthetice source for purifying
the sewage cf Ahmedabad. The ecology and seasonal succession
of algae developing in the oxidation ponds investigated were
studied during the years 1962-1963 and the results of the

same form the contents of the second main vpaper.

IT. THE CITY OF AHMEDABAD

1. Location: The city of Ahmedabad is locdated at
23.01 North latitude at an elevation of 183 gbove the mean
sea level. It has zn area of 32.5 sqg. miles. The city is

divided into two parts by the river Sabarmati wg;dh runs from

north toc south.

2. Population: According to the latest census of

1960, its population was 11.34 lakhs of people, of which about
60,000 are living on the western side which is fast developing

and the remaining on the eastern side of the river.
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3. Climatological data: The data are shown in

Table I ( Appendix).

The four seasons in Ahmedabad are the

cold weather period constituting December, January and

Pebruary, the hot weather period consisting of March to

June, the Monsoon season of July, August and September

and the post-monsoon season of Qctober and November. The

salient features of the four seasons of 1962 and 1963 are

shown below:

TEMPERATURE ( °0)

L VERAGRH RANGRSH

SEASON 19635 © 1963 1982 1963

Max. Min. Maxm. Min. Max. Min., Max. Min.
Cold weather 2.5 12,5 29.8 14.0 9.5 31.5 12.3 33.6
Hot weather 38.9 23.7 37.6 23.7 18.3 42,3 18.5 41.2
Monsoon 32,9 25.0 31.2 24.1 24.0 33.5 21.6 33.0
season
Post-monsoon 33.8 16.9 33,9 19.8 15.9 34.6 18.5 35.8

season

G - o A S P e o W A e St A SR o " - ot oo N - S WA o b had S U VO TR e et Rk S T de s W NS o T R R W b W
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MONTHLY HOURS OF BRIGHT SUN-SHINE

MONTHLY AVERAGE

MONTHLY RANGE

SEBEAS0N 1962 19683 19582 1963

Cold weather 290.2 233.9 273.2=307.83 273.2-202.0
Hot weather 305.2 305.5 286.0-339.5 289 .,8~357.7
Monsoon 249.2 157.7 138.7-215.9 119.8-202.1
Post-monsoon 2991.1 277.1 277.5=304.8 268.1-286, 2

Ahmedabad has an average annual rainfall of about

30" only most of which occurring during the monsoon season.

The maximum average temperature reached was 42.3%° ¢. in 1962

and 41.2 in 1963 in the hot weather and the minimum tempera-

ture reached was 12,3-12.5 in the cold weather. The total

number of hours of bright sunshine varied from a minimunm of

119.8-138.7 in August to a maximum of 339.5-357.7 hours in

May. So, Ahmedabad may be considered to have a dry, sunny

climate and a high rate of evaporation.
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4, Water supply: The soll in and around the city 1ls sandy

extendipg to a depth of about 24 feet. A good yield of under-
ground water,is therefore, available throughout the city.

The City's water supply amounting to 46.5 mgd. is obtalned
from three sources. The main source is from 27 infiltration
wells which have been sunk iIn the bed of the Sabarmati near
Dudeshwar from which an average yield of 21 mgd. is obtained.
About 9 mgd. of the surface river water are being treated in
a Candy's Rapid filtration Plant, and the balance cof 16.5
mgd. are being obtained from 30 deep bores and tube wells
which are located in the suburbs of the city. 30, nearly w
two-thirds of the city water supvly is river water which is
soft and a third is'nearly medium hard. The calcium

concentration in the water supply is expected to be low.

The characteristic quality of the two types of water

supply is given below:

Bore well Dusheshwar rawv
Sr. water(parts river water(
No. Deseription per milli- parts per milli
ons) -ony)
1. Total solids 1438.0 315.0
2.. Volatile solids 150.0 30.0
3. Suspended solids 210.0 0.20
4, Dissolved solids 1218.0 314.8
5. Chlorides 2286.0 88.0
6. Saline ammonia 0.080 0.02
7. Albuminoid ammonia 0.040 0.01
8. Nitrites 0.005 Nil
9. HNitrates 4,2 2.2
10. Oxygen consumed 1.2 0.40
11. Total alkalinity 218.0 302.0
12. pd 8.1 7.8
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Fig. 28. Photograph shoving the beginning of the
sewage carrier in the Pirana Sewage Farm.
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5. Sewarage system. Almost the entire city 1s sewered

and the city sewage is ultimately received in three main
pumping stations, two of which called the Jamalpur and the
New Suburban are located on the sastern side and the Vasana
on the western side of the river. The jamalpur pumping
station receives domestic sewage of 18 mgd from a population
of 5.11 lakhs of people and the New Suburban Pumping station
gets 21 mgd. of domestic sewage from 5.83 lakhs of people

and about 12 mgd. of textile mills wastes. The Vasana Pumping
Station which is located on the western side of the river
gets purely domestic sewage of about 8.0 mgd. from a popula-

tion of about 0.6 lakhs of people.

6. Sewage disposal: The entire sewage of the city is

disposed off by broad irrigation in two sewage farms. The
oldest of the two called the Pirana Sewage Farm, is locatead
on the eastern side of the river comprising 2858 acres of
sandy soil on the river bank. The other sewage farm at

Vasana is much less in area having about 50 acres in the sandy

soil on the western river bank.

7. Industrial wastes: There are a number of industries

which are'located within the city limits. At present there
are 64 textile mills, one dairy, several oil and seed pressing
mills, & soap making industriss, one saall tannery and one
starch making factory. Of these, the wastes from 64 textile

mills are the largest in quantity amounting to about 12 mgd.
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At-present the mill wastes are being purified by a common
method of spraying them over gypsum blocks for reducing their
sodium content after preliminary sedimentation of their
suspended solids. The final e ffluent after secondary
sedimentation is emptied into the nearby municipal sewer.

The wastes from other industries are not treated but are

allowed to go straight into the municipal sewer.

8. Character of the Sewage at the entrance

to the Pirana Sewage Parm:

The sewage received at the three main pumping stations
differ both in quality and quantity. The sewage that is
received at the Vasana Pumping Station is entirely domestic
in character; that from Jamalpur Pumping Station is also
practically domestic, with wastes~from one textile mill only
and the New Suburban Pumping Station receives a fairly large
amount of textile mill wastes from:63 textile mills and other

industries in addition to domestic .sewage.

The sewage from the two main pumping stations located
on the eastern side of the river is pumpted to the oldest |
Pirana Sewage Farm, wherse the two sewages are mixed in a
hopper shaped main open carrier or channel having a gradient
of 1 in 10003 and the flow in it varies from 20 to 40 mgd.,

during the course of the day. The sewage is thus carried foir s



Pig.

29.

ail

(a) Viens of the Sewage Carriers from the
Jamalpur and New Suburban Sewage Pumping

Station; and (b)of the main sewage carrier
after mixture.
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more than 5 miles in the open channel for irrigating 2849
acres of sandy soil. There are also a number of branch
carriers which carry sewage for irrigating plots of land
distantly located from the main channel. The ground level at
the beginning of the channel is 101 RL and at the end of

5 miies about 80 RL.

The salient features of the sewage at the beginning

and at the end of & miles of the carrier, are shown below:

5 day BOD at 20 C 0xvgen consumed by acid
KMnO4 ( 4 hours)
Deasons  pepin- at the % Begin- at the 4% Reduc-
ning end of Reduec- ning end of tion
5 miles tion 5 miles
Summer  316.6 108.0 66.0 73.8  38.4 48.0
Monsoon 218.1 130.7 40.1 £5.0 43.9 32:3
Post- 288.6 141.8 50.8 61.9 41.4 ‘83.1
monsoon
Colad 334.5 157.8 52,9 89.5 37.8 45,9
weather

It will be sesn from the above that there is an

average  reduction of 60% and 49% in BOD and oxygen consumed

tests respectively on account of travel over a distance of

about 5 miles in the open carrier (or channel) in the Pirana

Sewage Farm.
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ITT. SINGLE CELL ( PILOT PLANT ) OXIDATION POND.

‘(i) Location: The Pilot Plant oxidation pond was
constructed by the Ahmedabad Municipal Corporation in the
interior of the Sewége Farm at a distance of about 5 mibes
from the entrance of the sewage into the Farm (Fig.28) on
the banks of the river Sabarmati. Therefore, the quality of
sewage considerably improved as a result of travel in an open

channel for 5 miles as stated above,

(ii) ZEngineering Design Data: The Pond is shown dia-

gramatically in Fig. L. It is divided into two compartments
by a dyke of 3' in height. The side dykes or embankments were
formed with exeavated sand and raised to about 8! above the
ground. Raw sewage ( after travel over a distance of 5 miles)
is admitted into the first compartment measuing 43' long and
125' broad through a rectangular weir, which regulates the
flow of sewage into the first smaller pond from which the
liquid over flows the dyke into the second bigger pond
measuring 1000' long and 125' broad and 8Y' high. It is thus
a three acre pond with a holding capacity of 4 mgd.

Three 30° piérs which project into the bigger pond
are located at 250%', 500' and 750' from the dyke for
collection of samples. The final elluent is allowed to flow

through three one-foot diameter Hume pipes into a channel
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Fig* 30* Views of the Pilot plant oxidation pond
in the Pirana sewage Farm.
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running across the breadth of the pond and at one end of
which another rectangular weir with a scale is provided for

measuring the rate of out-flow from the bigger pond.

IIT. MATERIALS AND METHODS:

The sewage used in these experiments was the mixed
sewage from the Jamalpur and New Suburban pumping Stations.
The sewage had travelled over a distance of nearly 5 miles
in an open channel or carrier before it was used in the
experiments. The characteristic quality of sewage from the
two Pumping stations has been described in another paper by
Kothandaraman et al (1963). The degree of purification
taking place in the open carrier for a distance of 5 miles
has been studied by Ganapati and Bopardikar (1962). The
reaction rate constant "K" for the Ahmedabad sewage has been
found to be 0.074 at 20°C. ( Thergaonkar 1963). The 'K!
value for the domestic sewage in the States is stated as

0.1 at 20°C.

A measured quantity of sewage, say 3", 1", 13", 29,
3" or 4" yas allowed to flow over the weir into the pond
. for a definite period. The depth was adtually measured
every day at 250', 500', 7560' and -1000' length of the pond
and the average depth was recorded for each hydraulic loading.

The theoritical detention time was later correctly calculated



from the volume of sewage in the pond and the average rate
of flow during the period. Every alternate day either at
11.00 a.m. or 3.00 p.m. grab samples were taken at the inlet,
250', 500!, 750' and 1000' from the surface from each sample
-ing station for physical, chemical bacteriological and

" biological tests.

Three set;of samples were taken in the following
order. Samples for bacterioclogical examination were taken .
first from the surface, next for chemical and biological
tests. Bacterioloigeal examination for Coliforms at 37° C,
BE. Coli Type I at 44° C, Faecal Streptococci at 45° C. and
Citrate utilisers at 37°C. was done according to the British
Technique ( Bacteriological Examination of Water Supplies
1933). Citrate utilisers were estimated §i§;48 hours (Keller
1960) . This medium is specific for the identification of the
members of the Coliform group, which are non-faecal ori
usually non-faecal in origin - and which are cépable of
utilising an ammonium salt as the sole course of nitrogen
and sodium citrate as the sole source of Carbon. All results
are presentéd in Tables of figures usually refer to the Most
Probable Number (MPN) of organisms per millé?ire of original
sample. Two separate samples-one for dissolved oxygen and
the other for BOD were taken in narrow mouth glass-stoppered
bottles of 250 ml capacity taking the usual precautions for
excluding air bubbles. Tests to show the extent of carbona-

ceous oxidation such as BOD and "oxygen consumed®
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(Tidy's 4 hours test) and the removal and oxidation of
nitrogenous compounds such as ammoniacal nitrogen, nitrous
and nitrate nitrogen were done according to the Standard
Methods (1966). The usual tests for chlorides, phosphates,
alkalinity were also done according to the Standard Methods
(19é0). Temperature, and colour as it appeared to the naked
eye were recorded for the physical conditions. Biological
test to show algal production was done by the centrifuguing
10 or 15 ml of the formalin added sample at 3000 r.p.m. for
10 minutes. The sediment thus collected was made up to a
known smaller volume and numerical estimation of the algal
constituents was made by the drop-sedimentation technique
(Standard Methods 1950). The data collected under physico-
chemical, bacteriological and biological conditions are
presented as monthly averages in the appendix. A discussion
of the salient features of each impqrtant factor is made in
the body of the paper. All results are expressed in
milligrams per litre or parts per million unless otherwise

sated.

(iv) PHYSICAL CONDITIONS

Colour: The final effluent was greenish (pale or dark)
on most of the occasions although it was reddish on a
number of occasions. The influent sewage was always found

to be brownish or black.
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Tem;geraturé: (°C) The range of temperature variqd
between 24.4 and 33.1°C. for raw sewage and between 19.7
and 31. 1°c. for the-final effluent during the period of
investigation. The two graphs for raw sewage and the final
effluent rmn almost parallel, the minimum being reached in

January 63 and the maximum in May '63 in both the cases.

Seasonal variationg: The seasonal averages and the

range of variations are shown below:

TABLE NO. 1
AVERAGE RANGE
SEASOFN Raw Final Raw Final
‘ . Sewage Effluent sewage Effluent
Monsoon 1962 3104 30. 1 300 7"320 1 5 . 6"300 5
Poste 1962 30.2 25.7 31.0-2V.4 25.8-25,1
monsoon _
Cold 1962 25.9 22.7 24.4-27.4 19.7-2e¢4
weather ~1963
Hot 1963 31.5 2.0 29.0-33.1 25.8-30.2
weather
Monsoon 1963 31.3 2.7 31.1-31.7 28.9-31.1
Post“' 1963 3102 28-6 31. 6"3009 mo 2-%01
monsoon

The highest and lowest averages were reached
in the hot weather and cold weather periods respectively
for raw sewage. For the finaln effluent the monsoon season
of 1962 had the highest temperature and the g:old weather
period of 1962-63 the lowest temperature.
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V. CHEMICAL CONDITIONS

( 5-day B.0.B. at 20°C )

(a) MAXIMUM AND MINIMOUM VALUESS

TABLE Fo. 2

Source Maximum (ppm) Minimum
Month Value Month Value
Raw sewage " Aug. '82 22 Dec. 1862 120
Final effluent  Feb. !'63 20 Aug. §}63 0
Sept.{

(b) SEASONAL VARIATIONS: The seasonal averages and the

range of -variztions are shown below:

TABLE No. 3
AVERAGE 2 RANGE

SEASON Raw Final Red Raw Final

sewage effluent sewage effluent
Monsoon 1982 2585 87 73,7 230-202 52«88
Post- 1262 162 4], 74.7 158-187 368-48
monsoon
Cold 1962-83 175 58 68,0 120-208 33-20
weather .
Hot 1963 220 54 75.5 163-287 30-73
weather
Monsoon 1963 168 81.0 1680-178 2045

34
Post- 1263 188 45 75.5 186-190 33-54
monsoon
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Maximum reduction in BOD was found in the monsoon

season of 1963 and minimum in the cold wezther of 1962-1283.

OXYGEN ABSORBED ( 4 Hrs, )

(a) MAXIMUM AND MINIMUM VALUES:

TABLE No. 4
SQURCA MAXIMUM MINIMUM
Month Value Month Value
Raw sewage July '62 70 Sept.'63 28
Final effluent Mar. '63 41, June 83 18

(b) SEASONAL VARIATIONS: The seasonal averages and the range

of variations are shown below:

TABLE NO. &

' AVERAGE RANGE
SEASON Raw Final % Raw Final
sewage effluent Red sewage effluent

Monsoon 1962 80 36 40.0 53-70 33-41
Post- 1962 53 32 40.0 4482 32-33
monsoon

Cold 1962-83 48 37 20.0 30-80 2340
waather

Hot 1963 48 31 36.4 35-51 2841
weathar

Monsoon 1963 38 28 26.3 2649 31-32
Post- 1963 39 25 35,9 36~43 25

monsoon
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Maximum reduction in the oxygen absorbed test is
récorded in the monsoon and vost-monsoon seasons of 1962 and
the minimum reduction in the monsoon sesason of 1963. The
two curves for raw sewage and the final effluent seem bto run

almost parallel to each other.

!

DISSOLVED OXYGEN

(a) MAXIMUM AND MINIMUM VALUES:

TABLE No.6

MAXIMUM PPM MINIMOM
SOURCE Month  Value Month Value
Raw sewage - Nil - Nil
Final eff{luent April'63  15.70 Sept.'62 1.71

(b) SEASOVAL VARTATIONS: The seasonal averages and the

seasonal range of variations are shown below:

TABLE N0.7

AVERAGE RANGE
SEASON Raw Final Raw Final
sewage effluent sewage effluent

Monsoon 1962 Nil 4,40 Nil 1.71~ 4.00
Post-monsoon 1962 n 8.11 " 7.62- 8.60
Cold-weather 19562-63 n 3.8C n 2.00~- 5.92
Hot weather - 1963 " 9.86 n 3.15-15.70
MonSOOn 1963 " 60 88 " 4:0 62"10642

Post-monsoon 1983 n 6.19 i 5.86- 6.72




251

The dissolved oxygen content was found to be
maximum in the hot weather of 1963 and minimum in the
monsoon season of 1962 in the final efflusnt. There was

no oxygen at any time in the raw sewage.

PERCENTAGE SATURATION OF OXYGEN

(a) MAXIMUM AND MINTIMUM VALUES:

TABLE No. 8
MAXTHUM MINTMUM
SOURCE Month Value Month Value
Raw sewage - - - -

Final effluent April '83 209.1 Sept.'62 22.6

(b) SEASONAL VARTATIONS:

TABLE No. 9

AVERAGE RANGE
SEASOTN Raw Final Raw Final
sewage effluent sewage effluent

Monsoon 1962 Nil 88.56 Nil  22,6-100.4
Post-monsoon 1962 " 113.0 v 110.3-115.7
Cold-weather 1962-63 " 40.0 " 22.7- 53.6
Hot weather 1983 " 138.8 n 64.0-209.1
Monsoon 1863 " 91.1 " 59.9-141.7

Post-monsoon 19863 n 82.9 n 77.3- 88.8
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The pond was supersaturated with oxygen during the
post-monsoon season of 19623 and the highest seasonal
average was recorded in the hot weather of 1963 and the

lowest in cold weather of 1262-83.

PHENOLPHTHALEIN ALKALINITY

(a) MAXIMUM AND MINIMUM VALUES:

T4ABLE NWo. 10

S oURCE MAXIMUM PPM MINIMOM

= Month Value Month  Value
Raw sewage Feb, 163 70 Sept.'63 Nil
Winal effluent May '63 112 Aug. '63 36

Raw sewage was alkaline to phenolphthalein slmost
throughout the period of investigation due probably to
its admixture with textile mill wastes. The values for
the final effluent were always higher than the corres-
ponding values for raw sewage indicating that there was

vigorous photosynthetic action in the pond.

(b) SEASONAL VARIATIONS: The seasonal averages and the

range of variations are shown below:
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TABLE NO. 11

AVERAGE ‘ 7 RANGE
SEAS0N Raw Final in-  Raw~ Final
sewage effluent crea- sewage effluent
se
Monsoqn 1962 25 63 1562 20-34 36~ 86
Post-monsoon 1962 2 689 138 28-31 89~ 78
Cold-weather 1962-63 41 71 73.2 21~70 62~ 84
Hot weather 1963 34 94  176.5 20-50 73-112
Monsoon 1963 32 63 97,0 Nil-48 49.87
Post-monsoon 1963 37 70 89.2 35-40 62- 79

' The value for phenolphthalein alkalinity was highesst
during the hot weather of 1963 and lowest during the monsoon
seasons of 1262 and 1983, showing differént degrees of
photosynthetic activity. The percentage increase was lowest
in the cold weather of 1962-683 and highest in the hot
weather of 1963, The two curves for raw sewage aqd the final
effluent seem to run slmost in opposite directions and the
values for the final effluent were zlmost always greater

than the corresponding values for raw sewage.

TOTAL ALXALINITY

(a) MAXIMUM AND MINIMUM VALUES:
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TABLE NO. 12

MAXIMUM (PPM) MINTMUM
SOURCE Month  Value Month Value
Raw sewage Oct. '62 689 July '62 483
Final effluent Feb. '863 767 July '62 494

The values for total alkalinity for the final effluent

were found to be higher than those of raw sewage:

() SEASONAL VARTATIONS: The seasonal average and the range

of variations are shown below:

TABLE No. 13

AVERAGE % RANGE
SEASON Raw Final incre~ Raw  Final
sewage effluent ase sewage effluent

Monsoon 1962 521 539 3.4 483-595 494-522
Post-monsoon 1962 654 713 9.0 520~-689 685-741
Cold- 1962-83 614 718 16.5 5656-654 677-767
weather

Hot weather 1963 593 661 11.5 568~536 539~733
Monsoon 1963 567 622 9.7 520-620 505-717
Post-monsoon 1963 678 601 4.0 562-594 566-636
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A maximum increase of 16.5% and a minimum increase of

3.4% in the cold wgather and monsoon season‘pf 1962-83 were
recorded. Generally the values for total alkalinity for the

final effluent were greater than the corresponding values

for raw sewage. The two curves for raw sewage and the final

effluent seem to run almost parallel to each other.

CHLORIDES
(2) MAXIMUM AND MINTMUM VALUES:

TABLE NO. 14

MAXIMUM (PPM)MINIMUNM

SOURCE

Month  Value Month Value
Raw sewage Jan. '83 385 July '62 262
Final effluent April '63 472 June '63 201

Lowest values were recorded in June '63 and July '62

respectively for the final effluent and raw sewage and
highest values in the cold weather and hot weather of 1963

for raw sewage and final effluent respectively.

(b) SEASONAL VARTATIONS: The seasonal averages and the

range of variations are shown in Table No.15.
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TABLE NO. 15

RAGE

AVE %Redu- RANGE
SEASON Raw Final ction Raw Final
sewage effluent or in- sewage effluent
grease
+ OT =
Monsoon 1962 22 272 - 8.5 ©282-333 258-288
Post- 1962 330 442 34.0 320-341 441-434
monsoon
Cold- 1962-83 360 400 11.1 316-385 370-438
weather
Hot~ 1963 327 398 21.7 310-360 201-472
weather
Monsoon 1963 20 322 11.0  280-320 278-356
Post- 1963 322 342 8.2 9292-353 284~400
monsoon

For the raw sewage the highest average was recorded

in the cold weather period and the lowest in the monsoon

season of 1963; and for the final effluent the maximum was

recorded in the post-monsoon season and the minimum in the

monsoon season of 1962. There was a

reduction in the value

for chlorides in the final effluent in the monsoon season of

1962 and in the remaining periods it was higher than’ the

corresponding values for raw sewage due probably to concen-

trations. Fitzgerald and Roechlich (1958) have also stated

that variations in chloride were not consistent.

The values



increased sometimes and decreased at HWhg other times for

which no satisfactory explanation can be offered.

AMMONIACAL NITROGEN

(a) MAXIMUM AND MINIMUM VALUES:

TABLE NO. 18

MAXIMUM  (PPM) MINIMUM
SOURCE Month Value Month Value
Raw sewage June'63 30.0 Nov.'43 17.0
Final efflient Feb.'63 16.0 Oct.'83 4,8
Aug.'63

(b) SIAS0WAL VARIATIONS: The seasonal averages and the

range of variations are shown below:

TABLE NO. 17

AVERAGE % RAN q B

SEASON Raw  Final Reqi2¥ Final
sewage effluent  Sewage effluent
Monsoon 1982 19.3 7.2 83,0 17.5-2045 7.7-8.0

Post-monsoon 1962 24,7 8.5 73.6 19.4-30.0 4.8-8.2
Cold weather 1962-63 26,3 14.4 45.3 24.1-28.8 12.1-158.2
Hot weather 1963 21.9 10.8 59.8 14.6-30.0 7.1-13.0
Monsoon 1963 24,9 14.1 43.4 21.0-28.0 6.4-8.9
Post-monsoon 1963 18.8 9.5 40.0 17.0~-20.6 7.2-8.3
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Maxipum and minimum reduction wwere recorded in the

post monsoon seasons of 1962 and 1963 respectively.

PHOSPHATES ( PO4)

(a) MAXIMUM AND MINIMUM VALUES

TABLE NO. 18

MAXIMUOM (PPM) MINIMUM
SOURCE Month Value Month Value
Raw sewage Aug.'63 18.0 Aug.'62 10.90
Final effluent Jan. 53 9.2 April '63 2.5

(b) SEASONAL VARTATIONS: The seasonal averages and the range

of variations are shown below:

TABLE N0. 19

AVERXRAGE /4 RAN E_§
SEASON Raw Final Red. Raw Final

sewage effluent sewage effluent
MOHSOOII 1962 11»8 5.5 5394 100 0“1209 4:0 5"‘60 2

Postmmonsooq 962 15.5 8.1 47.7 12.5=18.8 7.6-8.8

Cold weather 1923- 16.6 7.1 57.2 15.4-17.4 4.7-9.2

Hot weather 1963 15.0 5.7 62.0 12.9-16.8 2.5-8.7
Monsoon 1963 17.1 7.8 54.4 18.8-19.0 B.4-2.9
POSt-monSOOl’l 1963 12-0 707 3600 1164_1266 7. 2“8'3
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Phosphate reduction was greatest in the hot weather

and lowest in the post-monsoon season of 1983.

(VI) BIQLOGICAL CONDITIONS

The list of algal and other orgaﬁisms recorded

during the period of investigation is given below:

.L& ®

Be

TABLE NO. 20

CHLOROPHYTA

l. Ankistrodesmus falcatus (Corda) Ralfs.,
2. Chlamydomonas S35p.

3. Chlorella pyrenoidosa Emerson
4, Crucigeénia sp.

5. Chlorococcum humieola Nag.

8. Cosmarium sp.

7. Micractinium pussilium Fres.
8. O%ystis lacustris chodat.

9. Palmella sp.

10. Pandorina morﬁm Bory.

11. Pyrobotrys gracilis Korshikov.
12. Scenedesmus armatus Chodat.
BUGLENOPHYTA

13. Euglena'gracilis
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C. CYANOPHYTA

" 14. Arthrospira Khannae Dr. & Strickl.
15. Chroococcuskturgidus (Xutz) Nag.
15. Microcystis aeruginosa Xuts.
17. Oscillatoria éhalybea (Mertens) Gom.
18. Oscillatoria limosa Ag.

D. DIATOMS

19, Nitzchia palea

20. Navicula sp.

E. THIORHODACEAE

21. Thiopedia rosea Winogradsky.

GENEBAL GROUPING OF THE ORGANISMS ACCORDING ko

THEIR QUANTITY:

The total number of organisms recorded for the pond
may be broadly classified under three groups: Group I,
constituting the dominance in any monthj Group II, consti-
tuting sub-dominance in any month and group‘III ineluding

those organisms which were comparatively rare:

TABLE NO. 21

" (DOMINANT ORGANISMS)
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GROUP T

Chlorella pyrenoidosa
Micractinium pussilum Fres
Chlorococcum humicola Naz.
Arthrospira khannae Dr. & Stdckl.

Thiopedia rosea Winogradsky.
( SUB~DOMINANT ORGANISMS )
GROUP IT

Ankistrodesmus falcatus RaIfs.
Chlamydomonas SDe
Chroococcuswturgidus

Micractinium pussilium PFres
Chlorella pyrenoidosa

Oscillatoria chalybea)(Mertens) Gom.
Oscillatoria limosa Ag.

Buglena gracilis

Arthrospirs khannae Dr. & Strickl.

Thiopedia rosea Winogradsky.

GROUP IIT

The rest of the organisms as recorded in Table 20.
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The seasonal averages and the range of variations

in the total number of organisms recorded per ml in the

final effluent are given halow:

SEASON ~AVERAGE (per ml x 103) RANGE
Final Effluent

Monscon 1852 341.3 171-462
Post~monsoon 1862 80.0 £9- 91
Cold weather 1962-63 1922.0 307-3281
Hot weather 1963 2281.0 55-4724
¥onsoon 1963 257.0 34-699
Post-monsoon 19863 1018.5 32-2005

Mgximum number was recorded in the hot weather

period and minimum in the post-monsoon season of 1362.

Seasonal succession of the dominant and the

sub-dominant algae and other organisms.

The periodicity of the most dominant and sub-
dominant organisms are shown in Table No.4 (Appendix)
from which the seasonal variations of the organisms

are shown oelow:
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‘ Percentage
SEASON Name of the Organisms Domi-  Sub-domi-
nant nant
Monsoon 1962 Chlorella . 74.0-90.0 -
;- Thiopedia rosea ' - 4,0-18.5
) Ankistrodesmus - 1.0
Post- |
monsoon 1962 Miecractinium 8l.3 4.3
Thiopedia rosea 62.2 9.1
Chlamydomonas : ' - 20.9
Chroococcus - 10.3
Cold- 1962-83 Chlorella 64.5 -
weather Thiopedia rosea - 21.,9-31.8
Chlorococcum €0.1 -
Micractinium - 77
Hot~‘ 1263 Chlorococcum 60.9 -
weather Thiopedia rosea 53.7-52.4 22.5-23.6
Chlorella 64.7 35.1
Micractinium 55.0 -
Arthrospira 67.0 31.4
Oscillatoria - 23.7-23.9
Buglens - 21.0
Chlamydomonas - 13.0
Monsoon 1963 Thiopedia rosea 6244~80.9 -
Arthrospira 73.5-88,1 -
Chlorells - 20.2-20.6
Oscillatoria - 11.8~12.1
Post-~ 1963 Arthrospira 77.8 -
flonsoon Thiopedia rosea 90.0 22.4~23.8

Chlorella 82,2 -
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. Percentage
SEASON Name of the Organisms Domi- Sub-doni-
nant nant
Micractimum 77.9 9.9
Buglena - 9.2
Oscillatoria - 13.6

It will be seen from the above that the purple coloured

sulphur bacterium - Thiopedia rosea has been found to occur in

all the segsons either as 2 dominant or sub-dominant organisnm.
More about the role of this organism in purification of

sewage has been discussed in the last paper of this thesis.
Seasonal variztions in species and numbers in oxidation ponds
have been reported by Gotaas and Oswald (1955), Meffert (1955),
Neel and Hopkins (;956) and Si;Va and Papenfuss (1953) and

our studies confirm their findings.

Chlorella pyrenoidosa was the most dominant algal

species in the monsoon season of 1962 and it was succeeded by

Micractinium pusillum in the post-monsoon season. The latter

was again succeeded by Chlorella pyrenoidosa and Chlorococcum

humicola in the cold weather of 1962-83. Chlorococcum

~

continued to be dominant for somestime and was later succesded

in turn by Chlorella, Micractinium and Arthrospira in the

hot weather period of 1963. In the succeeding monsoon season

Arthrospira continued to be dominant until it was succeeded

by Chlorella again and then by Micractinium in the post-monsoon

season of 1963.



Allen (1955) considered that in general the most numerous
aigae in oxidation ponds would, species of Chlorella,

L fermal
¢ km47
Scenedesmus, and Euglena.(Chlorella was never %’dominanﬁhﬁm

/émtjf domarnant .
ngalifornia lagoons studied by Allen'™ (Neel and Hopkins 1958).
In our pond Chlorella was one of the dominating alga and it

was found at all seasons.

Composition of the Bacterial Population:

The composition of the bacterial population of raw
sewage and the final effluent is shown in Table No. 5
(Appendix) from which the following tabular statements have
been prepared.

(a) MAXIMUM AND MINIMUM VALUES.

TABLE NQ.23

COLIFORMS
Source ( MPN per ml )
Maximum , Minimum
Month Value Month Value
Raw sewage April'63  88x10%  Aug. 's2  12x10°
Final effluent Feb. 143 940 Dec. '82 10

B.Coli (Type-I)

(MPN per ml. )
Raw sevage Aprilt'as 81x104 Aug. '62 20x10
Final saffluent Feb. 183" 510 May '62 4

FABCAL Streptococci
( MPN per ml. ) -

Raw sewage July '62 2x10 Nov, 182 2.6
Final effluent July '62 3.4 Dec. '63 0.028
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CITRATE Utilisers

(MPN per ml.)

5 2
Sept.'e2 15x10°

Final effluent March '63 1700 Sept.'62 14

Raw sewage Deem. '683  45x10

Seasonal averages and the range of variations in respect of
Coliforms, E. Coll Type I, Faecal Streptococil and Cltrate

utilisers are shown below:

TABLE NO. 24

COLIFORM FLORA (MPN per nl)

Raw Final RED. Raw Final
SEASOHN sewage effluent sewage effluent
AVERACE 7 RANGE
Monsoon . 1952  59x10° 73  99.9.  12%x10515x10% 12-90
Post-monsoon 1962 68.5x10° 94.5 99.9  45x10592x10° 18-59
Cold weather 1962 8666 473 94.5  40x10518x10% 10-940

-53
Hot weather 1963 397750 81 99.9 43%10338%10% 11-75

Monsoon 1963  25.7%x10 117 99.9  20x10%32x10% 24-250
Post-monsoon 1963 30.5x10 127 99.9 15x10-46x10 14-240

Maximum reduction of 99.9% in Coliform was recorded in
all seasons excepting the cold-weather period of 1982-63 when
it was slightly less(94.5%). Comparing the absolute values for
the final effluent, it is found that the value is lowest in the
hot weather of 1963 and highest in the cold weather period of
1962-63. '
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E. COLI TYPE I ( MPN per ml. )

TABLE NO. 25
IVERRTGCE % E AN G &
3 EAS0N Raw Tinal RED. Raw Final
sewage effluent seyage effluent
Monsoon 1962 191x10° 17  99.9 90x10-54x10° 18 - 73
Post-monsoon 1982. 20150 18.5 99.9 53X10§35x103 15 - 18
Cold weather 1962 30.7x10° 253  99.1 24x10243x10° 110 -510
-63
Hot weather 1963 234025 50  99.9 91x10281x10% 35 - 61
Monsoon 1963 14x10% 52 99.9% 11x10%17x10% 21 - 99
Post-monsoon 1963 1355x10 119 99.9 31x10-24%10 74 -230

Maximum reductlion has been recorded in all the seasons

excepting the cold weather period of

99, 1%. Comparing the absolute vdlues

is

found that the value is lowest in

1962-63 when it was only

for the final effluent it

in the cold weather period of 1962-83.

FARCAL STREPTOCOCCI (MPN per ml.)

the hot weather and highest

TABLE NO. 286
AVERAGE % RANGE

SEASON Raw inal Red Raw — Final

sewage effluent sewage eftiunent
Monsoon 1982 1014 1.8 99.8 50-22x10 W 37-3.4
Post-monscon 1982 4.9 0.39 22.0 2.6-7.2 .13-.656
Cold weather 1982-83 89.0 1.07 98.1 2.9-92 .40-2,30
Hot weather 19863 191 1.34 992.3 7.3-430. .03-2,10
Monsoon 1983 513 0. 28 99.9 120-710 0.12-1. 34
Post-monsoon 1963 39 0.03 99.9 15~ 682 .03-.04
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Maximum reduction is recorded during the monsoon and
post-monsoon seasons of 1963 and minimum reduction in the
‘post-monsoon season of 1962. The absolute values fur the final

_effluent are very low in all the seasons.

CITRATE UTILISERS ( MPN per ml., )

The seasonal averages and the range of variations are

shown below:

TASLE NO. 27

TERAGE 7 XL NG E
Raw Final Red. Raw Mnal
SE4300H sewage efflu sewage effluent
-ant
Honsoon 3950 44  98.8 15x10984x10° 114 - 174
1962
Post-monsoon 9050 350 96.1 61x10212%10° 110 - 590
19352
Cold weather 350.3x10T 487 98.4 19x10946x10° 120 - 910
1962-63
4 N a4
Hot weather  23.4x10° 634 99.7 43x10560%10 58- 1700
1963
Monsoon 32333 300 99.0 61x109s9x10% 250 - 330
1963 A
Post-monsoon  18.5x10° 154 99.9 13x10224x10° 68 - 240
1963 :

Maximum reduction(99.34) is recorded in the post-

monsoon season of 1963 and minimum reduction (96.1%) in the

post-monsoon season of 1263. The absolute values for citrate
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utilise:?s in the final effluent were comparatively greater
than the corresponding values for Coliforms or E. Coli Type

T or Faescal streptococci.

Keller (1960) in his studies on the bacteriological
aspects of pullution in the Jukskel-crocodile river system
in the)TranSVaal, South Africa has recorded similar results.
He considers E. Coli Type I test as practically the most
sensitive index of pollution. Usually the results for E. Coli

and Enterococel are in good zagreementy the ratio between the

groups is fairly constant, which is usually above 13 and

that is so in our case zlso.

He has used Koser's citrate medium along with the
other tests for the coliform group. He 'adds " Theoritically
the number of Citrate utilisers and that for E. Coli should
add up to the number of organisms belonging to the Coliform
group, considering that Koser's citrate medinm is of similar

specificity for Aerobacter aerogenes, as MacConkey broth for

E. Coll Type I. In fact this simple addition does not work
outi MacConkey broth may show the presence of Coliforms of
certain intermediate group, and citrate definitely shows the
presence of certain pigment producing organisms, probably

Pseudomonas and Chromcbacter spp., both of which are, however,

not of faecal origin and in the author's opinion, do not

detract from the value of the determination®.
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n Again, Koser's citrate medium is not exclusively
specific for non.faeczl coliforms. Some non-faecal forms of
the Coliform group, €.g., B. Coli Type II and the irregular
strains, are incapable of using citrate, whereas a large
number of bacteria which are not Coliform at 311, do utilise

citrates. This latter group includes Pseudomonas and

Chromobacter Spp., genera which are wually abundantly repre-
sented in soi;,vegetation, and natural waters, and which may
therefore, be expected to have a substantlial effect on the

results where MPN proceduras are employed" (Keeler 1960).

In the subjoined table the ratio between Coliforms

and Citrate utilisers for the seascns is shown.

TABLE NO. 28

SEASON (MPN/ml.) A V E R 4 G B

Coliforms Ciltrate Ratios
utilisers Citrate/Coliform

Monsoon 1962 73.0 144 2.0
Post-monsoon = 1962 94.5 350 3.7
Cold weather 1962-863 473 487 1.C
Hot weather 1963 81 894 . 7.41
Monsoon 1963 117 300 2.6

Post-monsocon 1963 127 154 1.2
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The citrate utilisers wers about 1.0 to 7.4 times as
numerous as the Coliforms in the final effluent suggesting that
the majority of the organisms were not coliforms at all, but

. probably Pseudomonas and Chromobacter spp.{ Keller 1950). The

ratios also seem to show that non-faecal orgenisms were compa-
ratively more numerous than the faecal organisms in the final
effluent. Neeyl and Hopkins (1958), Neel et al (1961}9Parker

et al (1950), Towne et al (1957) have examined the bactericidal
effect of various waste water treastment systems on coliforms.
They found complete reduction of the Salmonells group along

with 99.9% reduction in Coliforms.

Many theories and mechanisms have been suggested for
the bacterial reduction such as (i) the production of materials
toxic to bacteria, (ii) germicidal effect of sunlight, (iii)and
competition for nutrients. Allen (1355), Oswald et al (195%)
and Silva and Papenfuss (1953) state that the environment in
the pond is antagonistic to coliforms. Others like Towne et al
(19567), Smallhorst et al (1953) hold that extreme competition
for the limited supply of nutrlents is responsible for the
destruction of coliforms.But this does not seem to be correct
as only about 50% of the nutrients such as ammoniacal nitrogen

and phosphates are used up.

Towne et al (1957), Caldwell (1946) and Pratt et sl
(1944) state that Chlorellin, an antibacterial substance

liberated from Chlorella is responsible for the reduction.



Spoehr et al (1949) have determined the chemical nature of

the antibiotic. They stated that Chlorslls pyrenocidosa has

been found to liberate fatty acids with a marked anti-bac-
terial activity. More work is necessary on the subject for
other algal organisms than Chlorzlla have he=n also
dominant during different seasons when there is also
considerable reduction in Coliforms. The specific reason
for the rapid destructlon of coliforms in oxidation ponds
is therefore, not yet clearly understood (Malina and

) Yousef 1984).
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IV

VIIT DISCUSSIONW OF RESULTS

The pilot plant single unit oxidation pond was
working satisfactorily Ffor nearly two years and the inter-
relationship existing between the algal organisms on the
one hand and the physico-chemical and bacteriological
conditions on the other are briefly discussed. The seasonal

averages for the several factors are shown in Fig.3f.

(a) Temperature, solar radiation and hours of bright

sunshine:

The graphs for temperature and solar radiation are
almost similar but the one Ffor the number of hours of bright

sunshine does not show any direct or indirect relationship

with the other two graphs.

(b) Temperature and percentages of BOD and Oxygen

consumed reduckion.

No étriking relationship seems to exist among the
three graphs. But the graphs for the two latter factors
seem to run almost parallel to one another indicating that

the seasonal reductions are almost similar in the two cases.

(e¢) Temperature, solar radiation and the

Citrate-~Coliform ratio:
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The three graphs run almost parallel to one another.
The relationship appears to be more close between the solar
radiation and the citrate-coliform ratio. The reduction in
bacterial flora seems, therefore, to be dependent more uvon
solar radiation than temperature though the two latter are

also intimately related.

(d) Temperature, solar radiation, hours of bright

sunshine and algal numbers.

As regards algae generally the optimum temverature
for their growth and development appears to be between
15°C. and SOOC; and that for most green algae the opitimum
temperature is 20°~ 25°C. and for the blue-green algae still
higher ranges of temperature. 30, any temperature below
these values can be expected to reduce the efficiency of
oxidation ponds s far as nutrients removal 1s concerned

( Fitzgerald and Roenlich 1958).

In the case of our pond, the teuperature ranges
during the different seasons do not show guéh striking
differences as in Western countries. The temperaturs of”
the final effluent was fouﬁd to vary between 19.7%nd 31.1°C.
and strilking species differences in algae were therefore
not noted. Both the green and hlue-grean forms were seen

in all seasons.
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The graphs for ths temperature, solar radistion and
the aumber of hours of bright sunshine do not also correlate
with the graphs for the algal numbers. This is most probably
due to the method adopted for the numerical estimation. One

chlorella and one long filamentous QOscillatoria or Arthrospira

cannot De expected to have the same amount of chloroohyll
which is the factor involved in the photosynthetic oxyge-
nation of the pond. But one minute Chlorella and a long

filamenbtous Oseillatoria have been taken as single individusls

in the numerical estimation and this method of counting has
probably led to discrepancies noted in the algal graph. The
more correct method to be adovted for comvarisén seems to

be the sstimation of chloropnyll content in the a2lgal catch.

But that was ddne unfortunately.

/4

(e) Phenolvhthalein alkalinity, dissolved

oxygen and algal density.

The first two factors show good relatiouship and

they

~

are intimately connected with algal growth and develop-
ment in the pond. For, when algae multiply, they take away
carbon diloxide from bicarhonates precipitating the more
sparingly soluble carbonates which increase the phenolph-
thalein alkslinity and also add oxygen to the surrounding
water during photosynthesis. Therefore, all the three

factors should be closely connsctied.
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But the graphs for the first two factors alone show
direct relationship but not the one for algal numbers.
Though greatest éxygen content is recorded in the hot
weather when the hours of bright sunshine, solar radiation
and algal numbers are also grestest, such a direct relation-
ship 1s not traceable during the other seasons. The two
graphs for algal numbers and oxygen vroduction do not run
parallel as oné would exvect. The relationship, therefore,
indicates that the dissolved oxygen content estimated 1s
not directly a measure of the quantity of moleseular oxygen
produced during photosynthesis but more likely, the
resultant of the two opnosing processes, namely, nhoto=
synthesis and respiration going on in the pond (Weel and
Hoékins 1958). Hence the two graphs do not seem to run

parallel.

(£) Algal numbers and Perceatage of BOD removal.

Algae produce oxygen required for bacterial oxidation
during photosynthesis. The greatser the algal numbers, the
greater the oxygen production and the greater the bacterial
oxidstion and percentage of BOD removal. But the graphs
for these two factors do not show tha expected close direct
correiation. The absencz of any correlation between the
two factors is most pnrobably due to the non-estimation of

the chlorophyll content. Towne et al (1957) and Neel and

Hopkins (1956) have also stated that there was no tendency



for the BOD removal to vary dirsctly or indirsctly with

the plankton density during most seascns in their ponds.

(g) Algal number and the limiting factors.

Phosphates and nitrogenous substances are the two
important nutrients used by algae for their metabolic
processes. According to Fitzgerald and Roehlich (1258)
amnonlacal nitrogen varying between 15 and 40 pom is
reduced to less than 2.0 pom. In other words the reduction
is more than 87 to 95%. He has given the quantity of the
two nutrients removed from the oxidation ponds in various

varts of the world during summer as follows:

AMMONTACAL SOLUBLE -D
LOCATION - %  Inlet OQutlet %Red.

Inlet Qutlet Red
Calisloga,Calif. 3.4 0.9 73.5 - - -
Bergedorf,Germ. 25.3 2.3 90.9 - - -
Es5sen, " 1520 2.0 85.5 - - -
Killen,Texas 14.0 0.5 96.4 - - -
Fuglebjerg,Denmark 16.0 5.0 82.5 - - -
Shoemaker,Calif. 15.0 1.0 93.3 - - -
Munich, Germ. 15.0 0.5 96;.’7 - - -
Melbourne,Austral. 32.0 168.0 50.0 - - -
Dortmud,Germ. 39.9 1.3 96.7 6.4 Trace 100

I\EOSCOW’U'S‘SCRO 5“’;}:-5 5-9 8"9.2 et hd -
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As regards phosphates, they have stated that a
reduction of 96% is effected chilefly due to increased pH
rather than due to utilization by algae. Unless the
sewags originatss Ffrom hard water containing excessive
calcium content, the ~emoval of phosvhates is unlikely
according to Bogan (1363). Caldwell (12458) stated that
ammonia might disappear from the »ond effluent in summer

due to 1ts utilization by bacteria and use by al

ac.

[yed

Cooley and Jennings (1380) found an overall average

reduction of 80% in ammonia in oxidation ponds.

Five identically sized oxlidation nonds were loaded
at 5-day BOD rates of 20, 40, 60, 80 and 100 1lbs/acre/day.
The data taken for Dec. 1957 and May 1958 in respect of
ammoniacal nitrogen and orthophosphates by Weel et al

(1961) are shown below:

December 1957 Raw Organic loading in Ponds 5day BOD
EEEEEEEEESESES sewage 20 40 60 80 100
Phosphate ¥Mg/l. 38.6 3.8 5.2 7.2 5.9 6.9
Ammonia-N " 45.5 5.0 5.8 3.4 5.1 5.0
ay 1988 -
Phosphate L 31.3 5.9 5.5 2.4 1i2.0 14.3
Ammonia-¥ n 5.0 4.8 5.5 7.7 12.2 12.9




Mckinney and Pfeffer (1965) state with reference to the

above data as follows:

"Phe data of Neel et al (ii) do not agree with tha@
obtained by the other investigators nor do they fit into the
theoritical relationships as the other data do. The nitrogen
and phospherous data indicate far greater removals than would
ke expected from such systems. Nitrogen is removed by the
conversion of the inorganic nitrogen to organic nitrogen in
cellular protoplasm and subsequent removal of the microbial
protoplasm. Since microbial protoplasm was not mechanically
removed from the system, the cellular mass must have settled
to the vottom of the pond. Normally thez settled mierobial mass
could have undergone endogenous mebabolism with the release of
the nutrient elemernts back into the liquid pﬁase. While
Parkerts data (12) indicated that this reaction occurred,
Neel's data (ii) did not. The phosphoroﬁs removal was in
egcess of that which could be accounted for by purely biolo-
gical means; but this was probably accounted for by precipita~
tion at the high pH values. The hard water of the Missourli
area has a high calcium concentration and assisted in phosphate
removal. Needless to say, such reductions would not have taken
place in soft water regions where the calcium concentration

in the waters would hzve been low'".

In the case of our oxidation pond the range of reduc-
tions varied from 40.0% to 73.6% in %i¥g respect of ammoniacal

nitrogen and 38.0% to 62.0% in respect of orthophosphates.
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These figures are not as excessive as those given ahove.
Also, the water supply of Ahmedabad is the Sabarmati
river water which is not hard. So, neither nitrogen nor

phosphorous was a limiting factor for algal metabolism.

Cne striking feature of the graphs showing varia-
tions in seasonal averages 1s that the number of hours of
bright sunshine, the percentage of 30D removal, percentage
removal of oxygen absorbed, content of dissolved oxygen,
percentage increase of phenolphthalein alkslinity, percen-
tage increase of chloride, percentage increase of ammoniacal
nitrogen and phosphate, logarithm of algal number and the
ratio of citrate utilisers to coliforms are maximum ovr

»

near maximum in the hot weather period of 1283.

(h) Problem of predatory Zoo-plankton.

Zoo-plankton organisms such as rotifers, cyclops,

and {ipdocerans are known to eat away the algae in oxidation
ponds thereby reducing their concentrations. Too long a
detention period and shallow depth are reported to be
helpful in this respect. In the Dakotas (U.3.D.H.%. & W;
1357), where the first pond was green and the second and
third ponds were cleﬁr and colourless during summer and
fall due to predatory organisms. They wers found in these
secondary ponds and consumed th2 algae and thereby

removing the colour produced by the algae.
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Fig. 36. Photo-micrographs of the two ends of
a chironomous larva.
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Mioina dubia, a daphnid was responsible for eating
away all the algae-chlorella periodically in the single
unit experim.ntal oxidation pond at Nagpur (Krishnamoorthi
1965) and (Prabrahmam et al 1965). The organisms formed a
bloom (40,000 per litre), when the temperature range was
23-30°C. and pH between 7.5 to 8.2. They seem to appear
when the dissolved oxygen content was low and to die if

the content is as high as 9.0 mg./litre.

* Oswald (1964) has stated that algae predators such
as rotifera and cladocera were occasionally observed during
the early spring and summer when they consumed the disparse
aléal popuaation; that most of the algae eaten by them were

accumulated into faecal pellets which readily settlsd at

the pond bottom investigated by him.

In the case of the pilot plant oxidation pond at
Ahmedabad the same organism was found to occur in the final
effluent imparting a reddish tinge only one one ocpasion
along with Chironomid larvae. At the time of its appearance,

the dominant algal organisms were Arthrosplra khannae and

Oscillatoriz and the zoo-plankton could not eat sway these
filamentous forms and within a few days they disavveared.
(Figagsb) Gummert et al (1953) have made similar observa-
tions. They found that chiorella cultures were more

readily attacked by Protozoz than Scenedismus which showed

a greater resistence.
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30, 1t would appear that the zoo-plankton, organisms
can eat away very small sized algal organisms like Chlorella

and not filamentous forms like Arthrosoirz or QOscillatoria.

(i) Successive algal bloom in the Oxidation Fond.

It will be seen from a study of Table 3 that different
algal organisms attain dominance in different months and
sometines, as for example in Avoril and May 1963, more than
one organism has been found to be dominant. Two Theories
have been advanced. (1) According to Mckinney (1952) phyto-
flagellates like Buglena and Chlorella predominate in those
areas where the nutrient level is quite highj; and that the
filamentous green algae appear " where the nutrient level
drops off and the energy yleld is not sufficient for large
masses of the active phytoflagellate®. Soy " the over-all
mitrient balance will determine exactly which forms will

become dominant®.

If this theory is applied to our pond, then, it is
found that Chlorella is dominant in the months of July,
August, September, December in 19562 and in January, April,
November and December in 1963. Filamentous green algae
were never found in our pond; but filamentous blue-green
algae ( Arthrospira ) have been found in May, June, July,

August, September and October in 1963.
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If the values for 30D can be éonsidered as an'
indiesztor of energy level, then the above organisms are
found under the following conditions. The average B0D valuss
when Chlorelis is found to occur as a dominant organism is

64 mg./1l. and only 33.5 mg./l. when Arthrospira is'n@gm

przdominant.
MONTH DOMINANT R.S. F.E.
. Alga. o ] ¢

July 1962, Chlorella 211 87
August 1962 . 274 77
Septemher 1962 " 227 . 113
December 1982 n 134 38
January 1263 " 212 51
April 7 1963 " 266 62
November 1963 " i 190 30
December 1963 " 200 45
Ave I‘a g e S % & % 8 8 G e 3B e ¢ o 21800 6400
May 1963 Arthrospira 612 47
Juna 1963 " 183 27
July 1963 " 188 45
August 1963 " ' 150 e
September 1263 " 178 29
Qctober 1853 " 186 54

AV @ P 8 2 € teesenvenansens 173.0 38.5




Fogg (1960) has offered a different explanation for
the predominance of the algal organisms in different seasons
in a body of water. When an alga synthesises fresh cells it
is very likely that a certain amount of orgrnic substances
formed within escspes into the surrounding medium according
to Fogg (1263), a slight liberation of such substances from
formed healthy cells of various species of Chlorophyceae but
in growing cultures of species of Slue green algae a good
amount of the total organic matter syntheéised regulqrly
appears in a soluble form in the medium. These newly formed
substances méy be biologically active even in every low
concentrations and according to Iucas (1947) their ecological
effects may be considerable. They may b2 either growth
promoting for other organisms (Krogh 1231) or inhibiting
(Lefevre and Jakob 1949). Fogg and Westlake (1955) have
shown that they may form chemical complexes with‘other
dissolved substances. Aminoacids, polypeptides and proteins
in general have a capacity for complex formation with other
jonising substances. All blue-green algae have been found to
liberate comparatively large amounts of organic nitrogen
mostly in the form of poly-peptides (Watanabe 1951, Fogg
1252) and similar eGidences have been obtained for other

groups of algae.

Secondly, "if the phenomenon of extracellular enzyme
production by(yagae is at all widespread these organisms

must play gquite a considerable part in the breakdown of
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organic matter in water. This is of interest in view of the
growing use of algae in sewage disposal and deserves further

investigation™.

Thirdly, ™ other biologically potent substances
released by algae may play an important role in determining
what species are present in a given situation. It is
tempting to explain the periodicity of phytoplankton
observed ™ in lakes and in the s=za in terms of growth subs-
tances and antibiotics which, being released by one dominant
species, determined the species which is to succeed it ....

(Fogg 1960).

Togg's explanation seems to be satisfactory but has

to be confirmed by further experiments.

(ix) SUMMARY

1. In the single unit 4 mg bilot plant oxidation pond
of Ahmedabad there was good algal production throughout the
period of investigation. The dominant algae consisted of

Chlorella pyrenoidosa, Micractinium pussillum, Chlorscoccum

were Ankistrodesmus falcatus, Chlamydomonas 3p., Chroococcus

turgidus, Oscillatoria limosa and Buglena gracilis.
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26 The algal constituents showed seasonal variations.

The most dominant alga was Chlorells pyrenoidosa in the

monsoon season of 1982; it was succeeded by Micractinium

in the post-monsoon seascn. The latter was again succeeded
by Chlorella and Chlorecoccum in the cold weather of 1962-53.
Chlorecoccum continued to be dominant for some more time

and was later succeeded in turn by Chlorella, Micractinium,

and Arthrospira in the hot weather period of 1963. Arthros-
pira continued to be dominant in the succeding monsoon
season, until it was replaced by Chlorella again, and then

by Micractinium in the postmonsoon season.

3. Thiopedia rosea, =2 purple coloured sulphur bacterium

was a constant form in the oond.

4. Maximum production of dissolved oxygen was 15.70 amg./l.
in the hot weathesr period, when the percentage saturation

was 209.1.

~

5. Maximum average reduction in BOD was 80% in the hot

weather and the annual range was 81% to 80%.

8. Average reductions in nutrient substances of biolo-
gical significance such as ammoniacal nitrogen and phosnhates

were 53.5% and 51.8% respectively.
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7. 99.9% reduction in Coliforms was recorded. The
ratio of citrate utilisers to coliforms was greater than
1.0 in 211 the seasons indicating that non-faecal
organisms were comparatively more numerous than the

faecal organisms in the final effluent.
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TABLE NO.

I

Climatological Data for Ahmedabad.

For 1962 & 1963.

o—

' : Temperature“C | Monthly hours of
! : 7 Mean , bright sunshine
Season !  Month T T T MaX TV MInT T T T T T T T T
****** g oealivey 62 ' 1963
; '195827 1963 ; 19624 1963 | 196
4 1 [ v
Cold- December 2.2 2.5 13.4 15,1 289.7 273. 2
weather
" Ja.nual‘y WOS 2603 905 120 3 307o8 29200
" February 31.5 33.8 14.6 14.7 273.2 286.5
AV'eI'ageS - @05 29o8 12-5 1470 290.2 283.9
Hotw- HMarch 35.3 31.3 8.3 18.86 286.0 289.8
weather
" April 3.8 38.7 23.2 23.4 304.83 23.4
n May 42.3 41.2 26.7 25.9 338.5 357.7
n June 38.4 33.3 26,8 27.1 20,4 281.3
Averages - 38.9 37.6 23.7 23.7 305.2 305.5
Monsoon  July 33.3 33.0 25.7 25.8 143.9 151.3
n August 33.5 30.5 25.2 24.8 138.7 119.8
n September 33.0 30.1 24.0 21.8 215.2 202.1
AVerageS had 32.9 31.2 2530 24:01 24902 15707
Post~- October 34,68 35.6 17.5 21.1 304.8 288.2
monsoon
n November 33.1 32.2 15.9 18.5 277.5 268.1
Averages - 33.8 33.2 16.2 19.8 21.1 277.1

- - — .-
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THE TOTAL NUMBER OF ORGANISMS RECORDED AS MONTHLY & SZASOWAL
VERACES; TEE DOMINANT AND SU3B-DOMINANT ORGAWI3MS EXPRES3ZD

(

298

EN PERCENTAGES OF THEE TOTAL IN THE FINAL EFFLUENT.

Month Total DOMINANT SUB-DOMINANT
No.of % of % of
Organi Name the Name the
-8sms Total Total
per ML
x103
1962 1882 1962
July 452 Chlorella 90.0 Thiopedia roses 4.0
Ankistrodesmus 1.0
August 171 Chlorella 70.0 Thiopedia rosea 4.1
September 401 n 74.8 -~ do - 18.5
Average 341.3 - - - -
QOctober 62 Micractinium 81.3 Thiopedia rosea 9.1
November 91 Thiopedis 62.2 Chlamydomonas 20.9
roses Chroococcus 10.3
Mieractinium 4,3
Average 80.0 - - - -
1863 1863 1563
Janmuary 1478 Chlorella 83.5 Thiopedis rosea 3.8
February 3981 Chlorococcum 60.1 = do - 31.8
Average 1522 - - - -
March 3590 Chlorococcum 60.9 Thiopedia rosea 22. 5
April 4724  Thiovedia rosea 55.9 Chlorella 35.1
Chlorella 64.7 Chlamydomonas 13.0
Miecractinium 44,9 Thiopedia rosea 23.6
May 753 Micractinium 65.0 Oscillatoria 23.7
Arthrospira 8740 " 23.9
June 86  Thiopedia rosea 53.7 Arthrospira 31.4
Arthrospira 64.1 Euglena 21.0
Average 2281 - - - -
July 699 Thiopedia rosea 62.4 Chlorella 20. 2
Arthrospira 73+5 Chlorella 20.8
August 37 Thiopedia rosea &80.9 0Oscillatoria 1i.8
Arthrospira 88.1 " 12.1
September 34 Thiopedia rosez 64,9 - -
Arthrospira 78.2 - -
AVerage 257 - -

Contd.coQoov
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1 2 DQM%NANT ( SUB~DOMINANT
October 32 Arthrospirs 77.8 Euglens 9.9
Thiopedia rosea  90.0 Oscillatorisa 13.6
November 2006 Chlorells 82,0 Thiopedia rosea 23.6
Micractinium 77.9 - -
Average 1018.5 - - - -

December 1932 Chlorella 51.1 Thiopedia rosea 22.4

b e e e v e ea s eem vem e e mm vt vew ek R e e s e s e ewe ree e o rews  ctm vms wmw b
ot s et e e e e e ek e e e e e o el e e e e I I3 N N D N D mEmEInmm=
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